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Gas of the Spin Waves

Akhiyezer, L. D. Landau and I. 1. Lifshits for useful ad-
vice and also V. G. Bar'yakhtar and S. V. Peletninskiy for
profitable discussions. There are 9 references, b c¢f which

are Soviet.
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Formulae are deduced for the surface resistance 1in consgifsTrn-

vion of thermoelectric forcea. The foliowing systen oi egua-
tions zerveg as a basis: >

o 4 7 = t dH 26 > .
eurl K e jt eurl & o~ o~ @ E?‘ C 3; + dxv q = @3
W, o= + ., /A%, 3 = - PG,

§ 7 % e T Pk 00/Ax, 5 94 N "
where O is the high-frequency addition to the average Lempera-

the metal,
« the thermel

ture T or the sample, ¢ - the specific heatl of
the heat surrent, ¥ -the resistance tensor, Q ..

conductivity 1€nsoT, and %" the tensor of the tharmoelectri-

cal coefficients. (alK -, ).
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¥or the surface impedance it nolds Lhat S - B tOl/F 1G) and

§, = B (0)/H (0 § = oo Jar1 F_'T'"

ad
{0 kS M = ) AYS . )
L0g  Cop 2 0y 0y, . and gy is decompnsed 1nto§ v and

gisoth

v y, for which equations are deduced as well. in the case of

. m
igotropy gn 1/ (Ei—;;;ag\and stoth . q £~ szngw /€ i3 obha

. . ad ,
rained, and tor a cecnaiderably move complicated expressisn
ig found, the first term of which is egual o the expression

. isoth
forv . In conclusion, the aushors express their gra

titude
to [. D. Landav for his valuable discussions. There are 2 ref.

crences, ¢ ot which are Sovier.
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AUTHORS: Kaganov, M. I"<EEEEEZEEEL—I:—EL~ sov/56-56-1-3o/62

TITLE: On the Phenomenological Theory of the Kinetic Processes
in Ferromagnetic Dielectrics (x fenomenologicheskoy teorii
kineticheskikh protsessov v ferromagnitnykh dielektrikakh)

1I. The Interaction of Spin Waves with Phonons
(11, Vzaimodeystviye gpinovykh voln @ fononami)

PERIODICAL!: 7hurnal eksperimental’ noy i tzoreticheskoy fiziki, 1959,
Vol 36, Nr 1, pp 224-232 (USSR)

ABSTRACT: The spin waves have to be descrﬁbed by the vector of the
=1 (F, t) by the de;‘_’ormation
(Dui/oxk +Juk/¢)xi) ahere u = u (T) t)

density of,the ma%netic moment

tensor uy = (1/2

denotes the vector o displacement. In this case, the interactim
Hamiitonien will be the sum of all components in the expansion
of the energy of the ferromagnetic with respect to the powers
of M, ()Mi/c)xk, and u, 8 riklm/mimkulm av,

Mi aMl
R‘ikImrs = ﬁkﬁm u_o dv. The first of these terms corresponds

to the energy of magnetostriction. The interaction Hamiltonian
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is written down &8 H. . = H
interaction

where Hinteraction =2ﬁ/MiMkuikdv’
DMl DM1

Hexchange = 11 ¥4 akauikdV + A

magnetostriction."Hexchange,

25?:'.1'

- In the second part of the paper the production and the
absorption of phonons by spin waves are calculated. The authors
also investigate the energy transferl from spin waves to phonons.
The spin waves and the phonons &are described by equilibrium
distribution functions of the Bose (Bcze) type for different
temperatures. The coefficiert of heat transfer for the
activation process of the emission and absorption of phonons
decreases exponentially with temperature. The thizd part of

the present paper deals with the anninilation of 2 spin waves
with production of a phonon and with the decay of a phonon
into 2 spin waves. These processes are due to the
magnetostriction part of the Hamiltonian. Practically at eny
temperature abovedLMo, production and absorption of phonons

CIA-RDP86-00513R001757210007-1"
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play the most important part among the one-phonon processes.
The twe-photon Drocesses are describeqd by the squaras terms
of the expansion of the energy of the ferromagnetic with
Teéspect to the powers of the deformation tensor. There are
2 types of such Processes: scattering of g Phonon on g spin
wave (or vige versa) and emisgion (or absorption) of

2 phonons by a spin wave. Finally, the time necessary for
the establishment of equilibrium (relaxation time) between

spin waves ang phonons ig calculated, There are 5 Soviet
references,

ASSOCIATION:

(Physico-Technic
Ukrainskays SSR)

SUBMITTED: July 8, 1958

Card 3/3

57210007-1"
APPROVED FOR RELEASE: 04/03/2001 CIA-RDP86-00513R0017



TSGR F %
et 20T et

"APPROVE

24 (3)
AUTHORS ¢
TITLE:

PERIODICAL:

ABSTRACT :

APPROVED FOR RELEASE: 04/03/2001

| D FOR REIZEASE04/03/2001 CIA-RDP86-00513R001757210007-1

F3RaTues &

R NENER

AT AER PO e n e L o

E2sa]

e I., T ! S0V/56-37-3-35/62
Kaganov, M. I., sulggg&kg”,!,"g“ 50V /56-37-3-35/
Nonresonance Absorption of the Energy of a Variable Magnetic
Fieldly e Ferromagnetic Dielectrice

Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1959,
Yol 37, ¥r 3 (9), pp 823-832 (USSR)

A ferromagnetic substance may absorb the energy of a variable
magnetic field in various ways: either the magnetic field (the

amplitude of which is to be small, H' ~ e'j'wt) is polarized
perpendicular to the equilibrium magnetic moment, in which case
the magnetic field turns the moment without changing its value,
or the field is polarized in the direction of the moment, in
which case a superposed magnetization cccurs, i.e, the absolute
value of the magnetic moment is varied. In both cases dissipa-
tive processes are caused, which are interrelated with the inter-
action of spin waves, both among themselves, and also with
phonons (it is essumed that the dielectric substance is
nagnetized up to saturation). In the present pajsr the authors
confine their attention to those in which the variable magnetic
field (frequency w ) is pclarized in the direction of the

CIA-RDP86-00513R001757210007-1"
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Nonresonance Absorption of the @nergy of « Variabie SOV/§6-37-3-35/62
Magnetic Fieldiy= Ferromagnetic Dielectrics

equilibrium moment. Calculation of absorption is then reduced
%o caleculation of the ipaginary part of longitudinal magnetic
susceptibility my = uf o+ i/n;'i. The complex character of the

relaxation processes in ferromagnetic dielectricas leads to a
complex frequency dependence/u::(w)° The suthors proceed from the
simple model, in which the ferrocdielectric body is considered to
have a magnetic moment, the vibrations of which propagate in
form of spin waves. This is justified at sufficiently low
temperatures, when the vibrations of one of the magnetic
sublattices are not excited by the others, The theory of spin
waves may be applied %o reai bodies, e.g. to ferrites the
semiconductor properties of which at low temperatures are
insignificent (the number of free electrons with decreasing
temperature tends exponentially towards zero). The first part

of this paper deals with the low frequency range, i.e. w is much
smaller than the reciprocal spin-apin relaxation time

Tgg? u-rgg@h The following is obtained for the imaginary part

of the longitudinal magnetic susceptibility after all frequency-
Card 2,/4 and temperature ranges have been dealt with in detail:
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(Mg () /2 oTy

— | — — (,)\l‘t’ ].T << 1 y T << T
0, |6 Y Bl 88 o

c sl
Py [ /2 utgg \l '
"o, A - LA T .T 1 T T
M j 6. (ec) 1““)2.‘.2Bs ! WY *g1" g8 > < )
oo 1+m2‘t'§ << N
LICR wfT 1 T > T
? §
Mg (1+L.)2T‘$)2 + wz‘r§ 88 °

Here T ~ /LMO(GO//AMO)B/'I, T, denotes the spin-lattice

relaxation time. The secord part deals writh high frequencles
(b 2 1/1:89), the Hemiltonian of the interaction bebween field

and spic being set up according to Kaganov (Ref 2)t
Hint = }Ljﬁzaf{;)a(;)dv. 1f o tends towards o, then magnetic )

susceptibility tends towards unity, and its imeginary part
Caxd 3/4 towards zero. For the frequency dependence of M"' at very high
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frequencies it holds thady A

TS PR R
o]

(&w)) -’t’i- s, T, /‘Hef*f')' Thus, a" decreases inversely
g8

K4
proportionally with w"'e and is independeni of temperature.

The suthors thenk V. G, Eaxr'yakhtar for valuable discussions.
There are 10 Sovie’ refurercas,
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¥2e Pifth All-Uatoa Conference on the Physice of low
Teuperatures {S-ye Vaesoyuinoye sownhchaniye po fizike niskikh

Tspekii fisicheskikh nauk, 135%, Yol 67, Nr 4, pp T43-750

Phis Conference took place fzoa October 27 Vo Novemder 1 at
Tellisip 1% s organised by the Usdeleniye fiziko-oatesasi~
cheskikh nauk Akadezii nauk 333 (Department of Physicoe
asthexatical Sclences of ihe Acsdeny of Jolences, T3%5R).
the Axsdemiye nsuk Grusinskoy 53R (Acadeay of 3ciences,
Grusinskaya SSR), and the Tbililoskiy gosudarstvesnyy usle
wersitet im. Stalina (Tbilssi State University imeni Stalin).
attended by about 3OO0 apuecislists from
P»11isi, Noscow, Khar'kov, Kiyer, Leningrsd, Sverdlovek. and
efler citlies as well as by a nusber of young Chinese sclentiots
4 vorking in the USSRE. about 50 lectures were deliver-
o4 wshich were divided eccording Yo research fielde.

A T11._Galyanose notie guinuesad,

710 lectures). I. ¥. Lifshits and V.- D, Paschonokly (ENfei,
Khar‘kov !ﬂ-»nolnnng»nuw Instisute, Khar'kov Toiversity
ghaved that the noad i=portant zart in connection with the
t1es of metals is Flayed by the eoncrote
fors of the Ferni surfese of conductivity electrons, 7. Yeo
evakiy (IPP) spcke about ex;erisents he carried out

Yu. P. Caydukov, le investignted the variation
of the resistance 1n The Tfansveraal magnatic field at heliua
Cu, Pb, Ta, Sa, M mad (togutser with

¢, I. Kostina) of 3t. Ye. 3. Rorovik aad Y. G, Volotsieys
(xnr?I) inveotigated the galvanczagmetic propetilam &% lov

of chromiun and zisconiuz and found that the
resistance of chrozium grovs wit field strength witrout at-
taing a saturation value t. 3, Kan and B, C. lazarer oy}
investigated the resimtsnce Binious in gold at low teljera-
tures anl found Shat if the sazple Le heated, the ainicu=
aisappears. Tu. P. Caydukov (1rP) satd in this connection

i1n the course of the discunmeicn that the ninisus effect dosw
not oceur in gold in the caze of very pure sacples; the dim-
appearance of ke ainioun Ls explained by the plastic 4eforza-
tion of the ssople st heliun tenpersturn W, Yo, Azdel’
(XuPTI) gave a report of Nis work in conaection with the
quantus lheory of the high-frequency resistance of cetal In

a congtant sagnetic field at low tenjeraturas. ¥. ov
v&%gﬂ.: spoke about & theoretical inveo-
tigetion © influence exercised by therzoeleciris force
wpon the skin effect 4n various caaductors. 3. I, Verkina and
3, ¥. Aleksandrov Aﬂwﬂ:u spoke atout meazurasente of %the
eYecizic reaistance of iuls wires zads froa highly-pure

tin, indiw n!:. cadziun, and cosputed the free length of
path st 4.2°F in these zotsls us ancunsing to 1/3 so 2/3 ==.
« B Brandt (MCD) and B, I. Verkin snd I. ¥, Dzitresko
TRPTI) investiguted the influence rcised Sy tae hydroe
tatic prewsure (of 1000 stcoapheres shaolute pressure) upon
e behavior of cetals st low tez;eratures and {nvesti anted .
4be quantus u-o»:n:mu- of ine magnetic euscepiibility of
wisnuth at 3.6 - 4.2°K. G, Ye. Til'berman and A, Y. Ko
vich (IRPTI) gave s theorstIcal explunation of the facy tha
already relatively small defarastions exercise conslderabdle
4nfloence upan cecillation effects in netals. IY. Magnevis
4s_3. Rerovik-Rozanov (17P) deliverei s report on iovestiga
tions he carried oud of ‘he anisotropy of the k ferro-
magnetisn in monocrysts sasples of the andi{ferrooagnetic
%nC0, (the affect of anisotropy s predicted by the thermo-
cn-u»u-w theory developed by Drymloshinakiy). In the cours
of the discuseion B. A. Alikhanov (17?) spoke adout seulrono-—
graphicsl investigations he carzied out of the amgnetic
structure of E.OOu ani FeCO, at low tecperaturse. P. 1.
Kapiter siressed “ihe toporfanze p¢ the cathod B
Paysloshinskiy's theory. N, K. Lfesnes {T¥IIPIRL;
lecture sas read by A. 3, Boroylk-Rozanov, rejorted oz Seesurse
ments carried out by bia (in IPP) of the sagueti: anisoe
tropy of the antiferronagnetic unuou. and nouc..no:onqu:w

Ye. A. Turov {IFM AN 8538, Sverdlovsk) apoke about his theore-
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AUTHORS : Kaganov, M.I., Tsukernik, V.M. and Chupis, I.Ye.
TITLE: Theory of Relaxation PFocesses in Antiferromagnetics '»

PERIODICAL: Fizika metallov i metallovedeniye, 1960, Vol,10, No.5,
pp 0797-7 98

TEXT: The method put forward by Akhiyezer (Ref.l) and

Kaganov and rsukernik (Ref.2) is used to calculate the mean

probabilities of processes associated with the interaction bhetween

spin waves in ferromagnetics. The theory holds in the

temperature region

noM 1/
@, .§c°

2
L1 &L,

in which the energy of the spin wave is given by the well-known
expression

£y = Gac(akh)
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Theory of Relaxation Processes in Antiferromegnetics

The notation is defined in the previous paper by the present

authors (Ref.3). Ttr.e processes considered are: (a) combination p
of two spin waves in0 one, and (b) collision of two spin waves. ’
The probability of ~cher processes, for example combination of V)(
three spin waves into one, have zero probability since energy and
momentum conservation laws cannot be satisfied at the same time.

It is found that the mean probabilities for the above two processes

are respectively given by

5/2 3
W, = G (2ot - (3)
5% T\ @, &,
5
- Gc T

Comparison of these two probabilities shows that in the above
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Theory of Relaxation Processes in Antiferromagnetics

temperature region the non-homogeneous exchange interaction is
responsible for setting up the thermodynamic equilibrium in a spin
wave system, Acknowledgments are expressed to_V,G,Bar'vyakhtara
for valuable discussions, There are 3 Soviet references,

ASSOCIATIONS: Fiziko-tekhnicheskiy institut AN USSR
(Physical-Technical Institute AS UkrSSR)
Khar ‘kovskiy gosudarstvennyy universitet )
im, A.M.Gor'kogo (Khar'kov State Universgity /
im. A,M,Gor ‘kiy)

SUBMITTED: April 18, 1960
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2.4300 (1935138, 1#3) 5/056/60/03%/ 004 /036/04%

.64‘17?00
AUTHORS: Kaganov, M. I., Pgukernik, V. Mo
—=
TITLE: Nonresonance Absorption of the Energy of an Alternating
Magnetic Field by a Ferromagnetic Dielectric., JT

PERIODICAL: Zhurnal eksperimental'noy { teoreticheskoy fiziki, 1960,
VOlo }e, Nor) 4’ ppo 1320 - 1325

PEXT: In part I of the present paper, the nonresonance absorption of
the energy of an alternating magnetic field by & ferromagnetic dielec-
tric has already been investigated on the assumpticn that this field is
polarized in the direction of the axis of easiest magnetization. The
cage is now dealt with, in which the field is polarized perpendicular P<
to this axis. These two cases are described as longitudinal and trans-
verse fields. Contrary to what is the case in a longitudinal field,
energy absorption may occur in a transverse field even if no dissipative
processes OCCur, but when the field frequency agrees with the ferromag-
netic resonance frequency. Neither resonance nor the effects connected
with it are considered. The results obtained here relate to frequencies

card 1/3

APPRO :
VED FOR RELEASE: 04/03/2001 CIA-RDP86-00513R001757210007-1"



n A P P R OV
- 2&3‘3&‘?‘!"3#5’3?;‘825%552‘:571*‘ 51-\':‘&‘51‘,:"§a55"2‘¢5n0;5$RE L EAS E

04/ 03/ 2001 o CIA-RDP86-00513R001757210007-1

83713

Nonresonance Absorption of the Energy of an 8/056 60/058/004/036/048
Alternating Magnetic Field by a Ferro- B006 /B056
magnetic Dielectric. II

that are distant from resonance. The dissipative processes connected
with the energy absorption are caused by the interaction between the
magnetic field and the spin waves. The authors assume (like in Ref. 1)
that the ferromagnetic dielectric is magnetized up to saturation at a
given temperature, j.e., that it may be considered to be a single-domain
gample. The gample is also considered to be gufficiently pure, 80 that
impurity effects may be neglected. It is shown that the nonresonance
absorption of magnetic field energy ig connected with the forming of d(f
two spin waves as 8 result of a ngolligion” betwesn & photon and a spin
wave. DBesides, &an absorption of the photon in higher perturbation-theo-
retical approximations ig possible due to processes in which a large
number of spin waves participate. The most important process in this
cage is one of the fifth order, which occurs in gecond perturbation-
theoretical approximaéion, The coefficient of the absorption of magnetic

h
field energy | = Q (6; V)‘1 ig now investigated, where Q denotes the

amount of energy abgorbed per gecond within the entire sample volume.
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2.2
one obtains | = —— T I (1 - e'kaVT)I( »9); where 7 = uH_/T and
2 3 7 e
32n pMogc

Y = layT; the function I(7,V) is represented as an integral equation by
(13) and (13'). These equations are integrated for the special cases of
low frequencies (Y &1,%), resonance frequency (» = %), and high fre-
quencies (1> PPV 215792 72V D15 V27 »1). The resulting asymptotic
values of the integrals are used to determine approximate formulas
for I in the various special cases. The authors thank A. I. Akhiyezer
and V. G. Bar'yakhtar for discussions. There are 3 references: ¢ Soviet

and 1 US. ﬂK/

ASSOCIATION: Fiziko-tekhnicheskiy institut Akademii nauk Ukrainskoy SSR
(Institute of Physics and Technology of the Academy of .
Sclences Ukrainskaya SSR)

SUBMITTED: November 23, 1959
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AUTHORS ¢ Kaganov, M. 1., Pgukerniks g::ﬁzw.‘

TITLE: Theory of the Non-resonant Absorption of 2 Variable
Magnetic Field by a8 Ferromagnetic Dielectric ,}\

PERIODICAL: Zhurnal eksperimental’noy i teoreticheskoy fiziki, 1960,
Vol. 39, No. 2(8), p- 518

TEXT: In an earlier paper; the authors calculated the absorption Zi///

coefficient of & variable magnetic field polarized perpendicular to the

akis .of easiest magnetizationo The Hamiltonian used in that case took

only the exchange interaction jnto accounte. Later, Pgukernik ghowed thet
g case only resonance a ous magnetic

alternating,field nay take place, 8 netic moment

commut ¢8 with the Hamiltonian of the systemj the resu e earlier

paper {Ref. 1) are therefore wrong- The error 18 related

in the calculation of the matrix elements of the transitiom,

restricted themselves %o the first approximation of the perturbation

theory. & consideration of the second approximation ghows that the matrix

Card 1/2

APPROVED FOR R :
ELEASE: 04/03/2001 CIA-RDP86-00513R001757210
007-1"



"APPROVED FOR RELEASE:

PR EATEIRRIS U YRR G R SRRt 04/ 03 / 2001 -
' B e Eeirs cpeir o o o CIA-RDP86-00513R001757210007-1
) T BRIy
Theory of the Non-resonant Absorption of a s/056 60/039/002/044/044
Variable Magnetic Field by a Ferromagnetic B006/B0O70
Dielectrie

element vanishes to the corresponding accuracy- The non-resonant absorption

of the homogeneous field is related to the relativistic interactions in ( -
the system (dipole—dipole interaction, anisotropy energy, etc.). These

problems will be considered in 8 jater paper. Here, the authors give only

s formula for the coefficient of absorption of & transverse magnetic

field whose frequency is considerably smaller than that of the spin wave

in the case of a 2e€To quasi-momentum. The absorption described by this

formula is due to a decay of & photon into two spin waves with oppositely

directed quasi-momsnta. There is 1 Soviet reference.

ASSOCIATION: Fiziko-tekhnicheskiy institut Akademii nauk Ukrainskoy SSR
- (Institute of Physics and Technology of the Academy of
' Soiences Ukrainsksya SSR)

SUBMITTED: July 2, 1960
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ACCES3ION R: APLO19dLL s/0181/6l;/006/003/0818/0826
AUTHORS: Genkin, G. Mo Golubeva, Ne Ge3 Tsukornik, Ve li.
et g

217LR: The spin phohon width of lines of antiferromagnetic resonance

SOUECE: Fizika tverdogo tela, Ve 6, no. 3, 196, 818-826

POPIC T4GS: spin phonon inmteraction, magnebic resonance, magnetization precession,
exchange interaction, antifdérromagnetism

ABSTRACT: The authors have examined the relaxation of the uniform precession of '
magnetization in a uniaxial antiferromagnetic as a consequence of interaction
bebween spin waves and phonons (both acousbtical and optical). They show that
the relaxation processes of creating (or absorbing) an acoustical phonon by a

spin vave, by virtue of the law of conservation of energy and momentum, may talke
place only at frequencies of

a ' .
P

0, > wfF Yo

}-mer'e COO is the frequendy of ontiferromagnetic resonance, hy is the field of
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anisotropy, v the velocity of sound, and a the lattice constant. The interaction
is an exchange process, The width of the line has been computed for any tempera-
ture. At rather high frequencies of antiferromagnetic resonance, (o > W 081‘ R

wiere normally Q)ogr ' ~ 241012 sec-ldeg, 1?119 spin-phonon line width at low
temperatures proves to be much greater than spin-spin line width. At frequencies
of W, < W ogr , the spin-phonon width is small compared to spin-spin width,

except for regions of very low temperatures (T <10-3K). Orig. art. has: 39

formulas. ,

- ASSOCIATION: Radiofizichesldy institut, Gorkiy (Radiophysical Institute)

SUBHITTED: 21Sepb3 DATE ACQ: 3Marbh ENCL:s 00 -
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AUTHOKS ¢ Kaganov, M. I., and Tsukerniz, V. ii.
TITLE: Off-rcgonunce absorption of a variable magnetic field by

ferromagnetic dielectrics at.low temperatures

PERIODICAL: Akademiya nauk SS5SR. Izvestiya. Seriya fizicheskaya,
v. 25, no. 11, 1961, 1%46-1351

TEXT: The authors studied the absorpiion of an h.f. magnetic field whose
plane of circular polarization is pervendicular to the equilibrium
magnetin moment of the ferromognetic. They consider absorption without
resonance, which can only occur by the interaction of spin waves with
one another and with phonons. The calculations are made for temperatures

considerably below the Curie point 6, The absorption coefficient " of /X/
the magnetic field is given as N = QEL“\ {/ -V..}, wvhere W, . is the
. h2V if fi if
o

probability of direct, and wfi of inverse, transition. The absorption
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Off-resonance absorption of a... B108/B138

coefficient due to spin-spin interaction is evaluated for two limiting
cuses: (1) lligh temperatures THe (tut still Tégc)_:

M, hel? ~
Ao ( od )2—“—‘-—'— . —-9;— , ho<Z e,

0,) 0. &
’ I, A, (";)’ ,T:).;_ eo<<:hm<T, . (17) >/
l,sl/r" L ¢ gMo ( ) T , ST,
where v = 2-25 is the dipole-dipole interaction energy; A1-v A2~1O3.

a
(2) Low temperatures (T<e,):

Card 2/4
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Ofterononanca shoorpbion o aa., L]UU/P 176

l
0. o

(
~]

A vy, - B
‘ ‘/r (”Y)')Eyﬂ(g:)”c T, hote e,

pM, T =5
Bﬂn( ‘) Ll T, ho<Te,
(18)

0.
where

1577 2 - T
)+ )+ Y T

= uH + guK where HO denotes the permanent magnetic field along the

axis of casiest marneiization, Ko the equilibrium magnetic moment, g the

anisotropy constant, a the lattice constant, p = gﬁ g the gyrome¢metic
ratio. fThe results for spin-laitice inter .ction show that these
contributions to the overall absorption coefficient are congiderably
smaller thsn the contribution due to spin-spin interaction. The
considerations have been made for perfect ferromagnetics without
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thanked fo. discussions.
she Confeience on ferromasneticsm and antifeirromagmetism in

There are 1 fifgure and 4 Soviet references.

Fiziko~tekhnichesiziy institut
(Fhysicotechaical Institute of the Acodemy of Sciences
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AUTHORS : Kaganov, M. I., and Tsukernik, V.M.

TITLE: An absorption mechanism for a longitudinal magnetic field by

a ferromagnetic dielectric

PERIODICAL: Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya,
v. 295, no. 11, 1961, 1352-1353

TEXT: The ferro-dielectric absorptior. of the energy of a variable magnetic
field polarized along the axis of easiest magnetization was gtudied in
detail in a previous paper (Ref. 1: &h. eksperim. i teor. fiz., 37, 823
(1959)). The absorption of the field at ”Tss«ﬂ’ where T . is relaxation

time, was calculated with the aid of the kinetic equations for the /
distribution function of the spir waves. The calculations were made for ng
tempcratures T considerably below Curie point 8,. At high frequencies,
absorption is chiefly determined by the disintegration of a photon into two
spin waves with opposite momenta. This process was also considered in the
above paper. It was pointed out, however, that a photon will only
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An absorption mechanism for a... B108/B138
2¢€
o
disintegrate into two spin waves at frequencies w greater than —— » ghere
1 ty
E.o is the energy of a zero-momentum spin wave. The wide range -;((w(-—k—“—
has not been considered as yet. Absorption in this range 1s the subjeét of
the present paper. In the lowmest spin-wave approximation, the Hamiltecnian
for spin wave interaction with one another and with a longitudinal ragrztic

. , y N v+ . ‘s
field 1s H' =H . +H) (1) where H . 1223 ajayds + complex conjugate (2)

1 jwt ~int + Ny .
and B =3 pho(e +e );;:akak (2'). h, denotes the amplitude of

the variable field. The other notations may be found 1n Ref. 2 (Akniyezera.l.
et al,, Uspekhi fiz. nauk, 71, 533 (1960)). In the approximaticn in
question (second approximation in perturbation theory). strong exchange
interaction does not contribute to absorption. It can be seen from the

(1) and (2) that the transition matrix elements that are linear with respact
to the variable field are nonvanishing only in second and higher perturba-
tion-theoretical approximation. The corresponding lowest order processes
are: (a) merging of & photon and a spin wave, which fc:= two spin waves and
(b) merging of two spin waves and one ohoton tc form one spin wave. The
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calculation of the appropriate absorption coefficients Pa and Pb is

similar to that given in detail in Ref. 3 (Karn.nov M. I., Teukernik V. M., ;
presert number of this periodical, p. 1346). In this article, only the
final results for the total absorption coefficient M= Fa + Fb are given,

with precision up to a nimerical factor of the order of unity. At high
temperatures ( ¢ 0(1 'PQOC)

wd (T \2 A
{gM"B_oﬂc (_6;) ' ;;—<hm << &g,
i s ud T \2
I ~{ gﬁlom (-6—) s 8°<n0) <T,

) w? T\
lgM%;'-(nm)‘/* (e_) , T<€ho <20,

_ At low temperatures (T<s ) ' : ){
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Comparison of the results obtained with the absorption coefficient due to
the disintegration of one photon into twoe spin waves (Ref. 1).shows that
the processc: considered in this paper are only effective at hag2e .
[Abstracter's note: Complete translation.] This paper was read ©

at the Conference on ferromagnetism'and entiferromagnetism in Leningrad,
May 5-11, 1961. There are 3 Soviet references.

AGSOCIATION Fizikb-tekhnicheskiy institut Akademii nauk USSR
(Thysicotechnical Institute of the Academy of Sciences
UkrSSR)
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| AvuTHORS:  Kagemov, M. I., Toukernik, V. M. - A R
P ] ’ . s g : - . . 10
" TITLE: High-frehuency magnetlo sut'ceptibility of uniaxial '

ferromagnetic crystel in a longitudinal magnetio field

PERIODICAL: Zhurnal eksperimental'noy 1 teoreticheskoy fiziki, v. 41, .
; - - no. 1(7), 1961, 267 - 271 ' g 15
TEXT: Susceptibility dispersion of an aptifarromagnetic material is ‘
mainly due to rotation of the magnetic moments of.the sublattices in e
magnetic field. The imaginary pert of X exhibits a resonance character
in this case: resongnce frequency coincldes with the natural rotation
frequencies of the system of moments. These frequenoies have been .
computed for various equilibrium configurations by C. Kittel (Phys. Rev., i
85, 329, 1952) end Ye. A. Turov (ZhETF, 34, 1009, 1958). In an earlier

paper (ZhETF, 24, 524, 1958), the authors of the present work have
computed the h-f susceptibility of a uniaxisl antiferromagnetic body
without magnetic field. If the magnetic field i® strong enough, the -

: equilibrium configuration of the sublattice moments may change, whi?h'
" cara 1/7 - ' Y

n)
O

|
i
|
1
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would result in a change of the dispersion oharacter. Starting from the
Landau-Lifshits equations for the motion of the sublattice moments, 'the
h-f susceptihility tensor of an antiferromagnetioc body is computed for
various values of the constant magnetic field strength, that 1s, for
various equilibrium configurations of the moments. The results permit !
to draw cohclusions from h-f measurements as to the equilibrium structures
and the transitions between them. The uniaxial entiferromagnetic body
is assumed to haye two sublattices end to be positioned in a homogeneous, |
constant and in a weak and variable (frequenoyco) magnetic field. The ]
motion of the moments due to field action is desoribed by C

.
[

aM, /0t = g IMHY) — (v/ M (8, IMH, ¢!

where ﬂ% is the magnetization vector of the s-th sublattice, M the
sublattice magnetization which is assumed to be to?stant, g the
gyromegnetic ratio, 4qv.the relaxation constant,'ﬁes the effeotive fleld

. re ,
acting upon.the s-th sublattice: 'ﬁgs) - -‘ax/aﬁs, where ¥ stands fop the |
‘energy density of the antiferromagnetio bodys ' 3

. card 2/ 7
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(3). .

Here, o ig' the constant of exchange 1nteraction (OL> 0), A and o represen‘c
the anisotropy constants which ere assumed to be positivey ‘n is the unit
vector in the direction of the axis of the antif_e_arromggpetn.c body. Using
tne notation stated hereinafter: Hy = T 7Y (2o = A +'n) M,

= \”/\*"2) 22a+/\ )M, B= H3 - (20 - A +7 )M, end
{A(ch ~A+7) /(206+l +77) 1/2 M (8 <H1,1-12-H4 is the width of

the hysteresis loop of the antlfer*omagne uic body), the following cases are
subjected to investigation: 1) H< H m, is egual to Xih ’ where'

h+ == h * ih m, = mf‘ 1mJ, ‘% stands for the h-f magnetic fle;d, and @ for
7

the vari aole part of the entire magnetic moment. With t" % _
o @M2+vni+m@a+x+m—-vmma (®) :

, Qz =2 (@M J-Y’) (A + ),
Card 3/7
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tue follov*ng iz obtained:

- -
e

’______.:_:[i"—‘——"_——_ =0

L”'Q—w¥ww—ﬂm&+7+n

6).

The width of the ent
23(r¢ + A+ r)
Here, )(z

iferromagnetic resonance llnes‘ is thus-give

3 .
[} - S . 2 H, < H<Z H,.
Yiith H = O one has X -X_ ~1x /Lyy ) H 3

i

n by

0, and the following is ootained:

) = ,,0'1_:::;; T . '

Yor (@) = Hax (0) g | .
/MW*M%—K+W -

v=(2¢—=2 m) ysint O =y — HY) HJM. . (8)

From this, the following is obtained for the behavior of th
time © = 1/v in the vicinity of ih

(with HZ® Ha)t
4 ¥Hsz O B
T= ':———2‘—" . If T is fixed, end H = H
T2 2 3
Hy - H
Card 4/7
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e point of second-kind unase transition

the following is valid:

»
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G _ T
TET =T i ar ‘T-—T

i thet with
14 7 het @

e of ©phase transition. This means ¢

the temperature o bd=

g Tk R eld or a temperature .24 which the -
3 1 Y hate) B )
the Trequeney avis el tni-;c i an absorption maximum 5ho§e o
S B . 1A 3 =~ ng LA ®n Y D 4 ®
B en (pOLa?}fsdizlo‘J on® on . The transverse componenwy .
i1 nd neight Y | .
position ar

. in this case given oy

2 — 200 )
% T cos? 0, .
ot — 2iay'®

a)ﬁ—- 2i0Y
e
@2 — m3—2ia1'm' . ) T

2igMwcos § ¢

3 . ‘@ '
g — @ ay
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o ‘ oF = (@M + ) (do® cos® B _2 (£ asint O, (10y
g ,,..(}. +'q) sin® 01

DI

of = 4o (@M ), 'Y':_}' {1 ﬁ-.cosi

314y coincides
v Eg>H,, (Fi™8). Here, the tensor of b-f susceptibility
o 7 ‘ t:.ferromagnetlc body:,

with that of the gusceptibility of the unlax:.al an

m —loty !
_____,._——-—__"‘
Lex (@) =-"Xw ((1)) X-I (0) — e)l — 2ty

(1),

L . 2t'gMoJ .
Ly (0) = — K (co) = o} — ot — 2Ty '

Yxz = Yy = Yoz = 0,
(12).
%L (0) =2M/(H +(l—n) M)-
of = gt (H + (. —m) M (1 +1/8"M,
o =Y (HIM +x —1).
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With H = H3 - ( 2d-A.+'Q)M all ocomponents of Xik(aﬁ ore continuous,

The authors thank A. S. Borovik-Romanov for remarks. There gra
T references: 3 Soviet-bloec and 4 non~Soviet-blce,

ASSOCIATION: Fiziko-tekhnicheskiy institnd Akadexi: na.v Usrainsdoy SSR
(Institute of Physice ard Techrology of th- Acndemy of
Soiences Ukrainskaya 83R)
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TITLEs High-frequency magnetic susceptibility of ferromagnetic
dieleotrics ina longitudinal magnetic field
Zhurnal eksperimentel'noy i teoreticheskoy fiziki, .

PERIODICAL:
- v.. 43, mo. 3(9), 1962, 977 - 983
F, 17, 614, 1947) the

©pEXT:” Using a method-similar to-Bogolyubov's (ZhET
(1inear approximation.

anthors got the following quantum kinetio equation

' wgth regard to the variable field hy = hoe'imt) for the distribution
+ .
funcpion Fk = (akak> of spin wavesi . _ ‘”&/
— iwfy = Lsho + Wik (1n

h;@w@ﬁﬁ@%Hﬁﬂm&ﬁrmm_tmpmm+

. o,.. 2
| + oS 1282 (1 -y ) g el O e p — 110)—B_(ensa—R0)+

.o, "'lu:‘z .

e
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-+ 2’1}“‘)2 &:‘L‘l (1 + n -+ ":_)”h — nyngl [3_(ey;  — fiw)— 8_(es; n—Tfi00) ],

n  Gia

Wi = ,‘J‘Zlmn I+t ) fat (g — n) Fr + (g — 1)) fal X

5 (8. (exsa — 1) F b (egyn— h0)] + 2 2| Dia P g — ) 1+
- ) 123

F 1y — ) fa— (14 g+ 1) ful 18 (B 12 — fi0) + O_ (i 2 ho)l +
+ 555 Dy alF ([ ( + 1) (1 D) — @+ Dol fo+ (- D

123
X (ny 4 1) — (m + 1) ”a"n] Fu 4 gy (ng -+ 1) — (e -+ 1) (ny -+ 1) gl fz
L lmeny (g + 1) — (e + 1) (n,+ 1) nl f5} (0. (Banzas — fiw) +-

+ O_ (egg;ps — E00)).
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e /T
with|F (, 4= 10, = (e * - 1)“1 and (a’ aﬁa 7 ta0 = O

E. (gk)z + pH + \Bk\ . At high frequencies it is sufficient to

4]} .
k " \"curie

onsider the term -iwfk - Lkho' From this équation the high-frequency

magnetic susceptlblllty of a ferrodielectric with one magnetic sublattice
can be calculated keeping in mind that magnetization too can be expressed
in terms of the spin wave distribution functions

}
VDY = M, — ——Z (alary,  (aia) =Sppaias, ® . ’wt/
Thus , K,’ - iﬁfle::L V is the volume of the body, The real part of

magnetlc suecept bility which is related to dispersion is
- L
Re;(J «.)V%; Im Lk‘

The predominant term in Im L is the one proportional to |Bk\2'

Cfrd 3/4
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sidering this aind using the symbols x -\JG

curie/T #K» @ = Bu/T,
1?-’#H/T, = 4nyM /T and v = p,/a the result is

" ‘( = My T '/xn . 3 cth(y(x)/2) xX3dx
| l! N Rey = (42’ (a7) §sm59d8 |
U ;1

y(x) ) —alfq?
y () =V +n? + 7 (& + ) sin‘e.

& ASSOCIATION:E‘lz:.ko-tekhnlcheskiy institui Akademii nauk Ukralnsko’y SSR
: (Physicotechnical Institute of the Academy of Sciences of the
' ‘ Ukrainskaya SSR)

SUBMITTED: March 31, 1962 y
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AUTHOR: Pikin, S. A.} Tsukernik: v, M.

ORG: none

TITLE: Thermodynamics of linear spin chains in a transverse magnetic
field

SOURCE: Zh eksper i teor fiz, v. 50, no. 5, 1966, 1377-1380

TOPIC TAGS: spin system, transverse magnetic field, magnetic suscepti-
bility ’ THERMODYNAMIC PROPECTY o flOMoO G L3 MAGVETIC. FI1£4D
Ay

\

ABSTRACT: A one-dimensionel system of spins (s = 1/2) with a strongly

anisotropic interaction of the immediate neighbors has been examined.

The system is assumed to be in a homogeneous magnetic field directed

along a given axis, Exact equations have been obtained for the thermo=-
idynamic characteristics of the system. It has been shown that at T = 0

and an absolute value of the magnetic-field strength Hp, the magnetic
susceptibility has a logarithmic or root nature, dependent, like H,,

on the relation between the interaction constants. The authors thank
\'A and A, I. Larkin for valuable ?iacusaiona. Orig. art, has:
11 formulas. |[Based on authors! abstract [NT?

OTH REF: 002
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AUTHOR: Teukernik, V. M. 6/
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TITLE: Features of gyromagnetic effecil‘.’ in ferrodielectrics at low temperatures
SOURCE: 2zh eksper i teor fiz, v. 50, no. 6, 1966, 1631-1635

TOPIC TAGS: ferromagnetic dielectric, spin wave theory, dipole interaction, magnetic
moment, ground state, temperature dependence .

ABSTRACT: The author derives in the spin-wave approximation a formula for the tem-
perature part of the mechanical moment of a spin system and shows that in the region
of temperatures where the dipole interaction pleys an important role, its ratio to thej.
éprresponding addition to the magnetic moment differs from the single-electron g
factor and depends on the temperature. The approximation employed congists of ex-
panding, with accuracy to quadratic terms, the energy densivy tp powers of a quantity
wiich is small near the ground state in comparigon with the magpetization, followed
bf' quantization and averaging with an equilibrium Gibbs distrib}xtion. The deduced
dffference in the temperatyre dependence of the magnetic and meghanicul moments of
the spin system is observable in principle with the aid of a gyromagnetic experiment
#Rhich the moments are changed as a result of changes in the temperature in the —

ence of an external field. The author thanks M. I. Kaganov for useful discussions.
« art. has: 20 formulas.
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L LR The coadsnsation of aromatic compounds with acids. . /d
LI 1. Condensation with bydrocarboas, shenct sad phm .
£ tole, 1. Taukervunii and I. Terent'eva. J. Gon, C
> R (U.'8. 57 R:) 10, TI03-7 (10— ha-BuCOM (31 ¢

in mo cc. PhMe wan tvated with small portions of MLI.
(total 782.). After adding all the AlCH the reaction mixt.
was allowed to stand fue 12 brs. wad then was heated ins
water bath for 36 hes p—}le!hyhuvduopdcm.
obisined in 726 yicld, Lre 253-3%, by 1352, d;‘ 0 9344
ﬂ L5085, MRp 54.39; scmicarbazooe, @
, 5%, Onuh!u»n of the product with 10 pam ol
INO. in a scaled tube for 10 hrs. yielded p-McClls-
Coundensation of PrCOH In PhMe fu the pres-
ol AICH under the same couditions yielded {Mulhﬂ-
!mm (72.8%%), b. UG, d33 0.W00,
MRp 81.20; scyicurbazone, m. - 10°, On
N dation of the product p-McCHLCGIT was sepd.
Under the saine conditions KtOPh condeused with iso-
BuCOsH in the presence of AIC l.,yhldnu hlboxylumkro-
pbmu (8‘.’%). b l.sJ—T' di* l(}i , BY Y 1.5333, MRp
01.01 ( . 191-a¢ . oxime, m. 118-19%);
mone (U%) m. 95-0°. Phene-

val
tole mdy: Pr(.rb { y'i::lo d }-dhox ulyrophkenons (76%)

COmBOn TLEMENTS

%20 SHTEVIAVA wWONRI)

b. 120°, Y L. smu, MRp § (scmicarbszone, @ i
- oxime, m. 1034° ) lnd t-kﬂux,bulynpkuu. m. 91-2
i (l:mk-utunne -9%; oxime, The
s tlon ot PhOll wilh i:‘-B-u.COIH in wcn‘s}l{c; uw
- umecon diticn a
5; Juden )i, lhe:-denv b. 243!‘50' dss 1.0197,
4 sv l A. A. Podgorny
'i ASe-SLA BETALLURGICAL UTERATIRE CLASUIFICAT N LT T2
n3ams §ITIRIIVS XIOW BOMANY
teNON0 4 1580 v O34 [T N840 Ot Owv ifd
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10, 2073-6{40). - A yicld
benzene (1) ang cyclohicptyltoliucye (1) was obtained un

ey
anmd tolucne (V. was pn-tul. by the teduction of cyvla.
fuptanone by the tuetiusd of Moscttiy and Bur

trewmCe tlminTy

titrulniuene (VD) was wshig
wiration mng. VI b, 03 g0 Inidtiaing VI with |50,
HNOy in waled (ubes wve p-ONCH,COM, . AT
The i

with Su and HCL, and was pusitied by steamn distn, Pt

80% alc ) . -7 h

.
diflered from the denivs, of 1. Nynthesis of VI, Phenyle yiy
cyclobexylcarhinol (X) was obtained hy Grigus
action from 10 g, Mg, dd g, bmn)m‘ clohexane, 4.4 g, B

in U0 w1 of abs. ether., The yiclii wan 4.5 7 (DA

the ovidation of

TS

To 3458 g, of the b ated X

extent.

=ATERA1 wors
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R . ; . - wl 1N, Fhe peasisan bomtiay wan ovpl wpg vibey ! -00
I.“'::d':uu:: :/.ﬁmhd‘ 'c.‘h?w.lﬁ"l "mc ."“‘"h:; After mr‘eﬂ-ﬂ was evaind., thin needies d X1 wm S5, ?_..
cycloh P! 3 with be mud Hn‘no N. G Uou‘ were oblmined. The yield was 31 K I heny)
tova anif [ My ¥

k. 1 Gen, Chem. (U. 8 50y XI e
of ¥-30% of cyviohepry). I e 137, 037 g,y )
vondensation f (-‘v\ll'luﬂm»urml () with boganye av; "‘:"“”'

rluu:lh-ur (XID) was ohtaimied by
l

r XX
RETANI TS, R OTER T wheat i
Vhe (nitcuphenyily g, lahiesy e cthane, by 1y, : -9 )
oy n--pmuhnx AU W olitaincg ot ey,

(. 1. WYh Saand HOYL

LA Y Ry
P T M o T g AICT, and 10 sl 1V si e Rt
P L b 1180 get (P VAT, MRy 80 40, was ubitaied by Grignard's 4
valed, M) 43, Osldizing L with 137 HNO, in sorled tuhes btomabiensens amt 18 M
8t 140-80°  yielded HaOUH, w. f1pe. £-Cycloheptyl.

fuet on """‘"{,‘f T owith o ™ b ol abs, ety the

12 15,
tuied on heating 12 Kol XHL waly 120 LI 1 N TTI Bt

- L] O .
o deriv, (VI of I was obtgined on reduction und "";fv ol eed I in akd tul,

. . ~o. aLTH (valed, 304y
The benavate of VIg (from alc.) my, 178°; “acvtate (from A Ctgls e oltutied tromn X1V o
¢ AcTIANnG and benzansing et lseed
detive. of phrnyh-_vrluhuvlnwlh-m- (VII1) wng L-methyl- deriv. wus & bgund, by 95
2-phenyleycluhesane (X}, which were specially prepd. "m”'n“,'..“l o ha 1 .
Id was 4 ¢ of I
fel's e 1 b2 0 o, sy EAL
21 ait.o5y,

di-Me estery,

] was version of the Tomembered FIRE 10 g Gemembered g oy
adidest dropwise 8.5 ¢, NaCreldy in 45 i, od HA) une 14 condensution of 111 with IV and V i,

- VAL GONE gl 00
U andized with il 1INGO, gy el v, o ~00®
The comctusion 1a drawn that the co. ~00

|

» teter and sophithal, acnds, which were nhntiticad Iy (11 ,

Iy LI 42°, pp ‘r'lnhuyl ketone (XD) was formed hy : i
. 1

LR T B T VI
$0090g0
®0000¢e0

T T o G M ST LT RN TR M TR

the tedu oy of
The vield waa 3007

¢ Clemmenwen ethaol.

The NN wferyy [UTEITI 1T R A,
N-Ae deriv, (om0, LR [TR SY TR
.‘l-.\lrlhvl-'.'»phvnvlv\\Inhr\nm' (XN
ROt Trogn g My, ny
of Lasethyly s bobie vy, "
vickd was g2 . 42,
I-.\l-'(llvl~‘.'-|llu'nyl\'\'rlulu'mlw XIV) w1y

i 4% gts wma

fon 8 hea |yt joies
In m 2%, 00y I NN b, ik,

Fhe e gny tHie vanne spniiding

v the yaagl

Fhe N-H deave, g ey Ihe & A

H was obtained on
Iwith 3000, of v and g of AICL, P

[N TITIV SYY Sy A Porenness, Ay,

wevds anly to g sl
Jates J hin
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; Aikylation of srocats ticebols In the /0 -' '
: prum of snhydrous rzfu h 4, N. Nuamv)a ‘-‘ml1l :’ Y-
M M ll!l- 4. 8. R, o 00
i ummrn.'}l’.ﬁ summnn).-—-Auempn to effect a conden- -ee
=it sation between beazene and PROH on ooe band an 20
B inary als. (BtOH, #rOil m\d l!uOH) oa the other -
LI ad falled to give wore than t dhz | desivs. ]
204 I'M_ﬂ.OH (.l!‘ h beauem (M g.) md 3.!3 h bmlul -0
H tn 70° for 4 ve 580
{ H PRCHOH (30 ‘.). PhOll (20g.) lnd 15g. FcClo uuxnd. L J
; Icntudtoc:uhn. adon-mbnhlor.!hn slse e
wiif :m—m , m. 83°,  Aliyl ale. i
j (Ih[). 4()| nzene snd M( PeCly were mixed with HE 4 d
! conling, et anmd foe 34 hes, a I\ndly heated for 3-3 hes. dee
ii _on & steam bath to M° s yleld 85, , uudn ull_vlbumu md :
H FULN u-cuuupvvpyl)bunn, l . o0
the following consts., resp.: 5L6' -9 1 ano. (l" HE T ] \
5000, and bre 200-5%, A\ lsu..dx°1m49 This Yool
fuc(hn conducted st com temp, (3 dA‘p standing) gave | ee
i the 3 peoducts in reverse matio: T sl B, resp. BT )
Allylbensene hld-ombmuuh‘m ll" L Slmilaly, Phe ‘ool
Me gave oll;lduul. Y 1,0083, dxb. .M iN,
and® (l-chkn’mpyl)blum b. 2‘.!)-(!0' wy 13104, 98¢ e
0.9854. G. M. T 20
i we
3 0o
H IS U e
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The mechanimn of Hon rescticns ander the influ-
eace of sahydrous F Z. N. Naarova acd 1. P.
Tsukervanik. J. Gen. Chm (U.S.5.R.) M4, 23644
(lDM)(Bngﬂsh summary); of. C.A. 39, 916%,—HeBr and
¥eCly fgem HBr and EtCl, PrBe gives iso-PrQl, and iso-
AmbBr gives Cilljyand mixts. of AmCl and AmBr,  When
HtBr and Cilly are heated with FeCl,, HCl, EtCl, and
Phle are formed, U1 gives an anslogous reaction.
Under similar couditions PeBr glva is0-PrCl, l’hl!r. Br-
CsHPr, and a little PhPr; iso-BuBr gives PhBr, tert-
BuPh, iso-BuPh and & mixt. which probably coatains
BtCoH.Bn. and Buy;CeH,. BuCl and AmC] give .lmoul o
reaction with CeHg and FtG.; EtOH and FeCl, give
£1Cl. With FeCly, PrOH gives iso-PrCland a li(tle Pru
LiuOH gives BuCl and some sec-BuCl.  1s0-BuOH glves

I:I (!)llul :ind dlhob;xh:ylene FeCl, dltolvmub fsi2- R
WOH, and on standing very b y gTOosCOp! ”ep.

wguh m. 48°, evolve HCl at 38°, and lobduy at 103° to .*O.L ’ WJ
green, nonhmnogtneom mass. [s0-PrOH gives ho-PrCl m

]
sec -IIGOH gives Cilda, sec-BuCl, sud ferf-BuCl; feri- “(Q UAd
AmOH gives CHy, and ters-AmCl.  150-PrOPh Is Isomer - e 1943 b
ized by FeCl, to PrCHOH ana much tar“is formed.

These reactions are interpreted in terms of formatioa of an

loaized eompkx of the type {(ROH.PeCl)*Cl~ which

decomps. in various ways to give the products observed.

Alhyhtkm m(h FeCl, is thus not a simple condensation,

as wiih AICl;, but involves rupture of C bonda and decp-

scated changes in structure. M. Leicester

. COMRON Litotnry

¥33% Li1t0visva mOaw0y

Ly mn: k

gt 1}

dfa-tLa u'lll“‘tlt LIVI'AYW! CI.I“”DCAY!C. [ B2
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A f 8 RN »aRal . ELTTII At
<M Condensation of afcobols with aromatic ¢ ads in Tt RS e e vy
he presence ¢f aluminum chloride. XI. M of
|lhyxhu'on ‘ol uaom’a'(i: Ahydt?cugonl b , ?!cohou) P
Lsubervanik  (Middle Asiatic State Un v.). .
(lemi (r’l & RS, w5 -ROMM (English summary
The cleaviage of reaction prsducts of alcs, with AICH was
stuedicd gt tenpe, abave 100°; cotitrary to Norrils and
Sturgis (C.1. 33, 8213%), only lew yiells of alky! chlotides
were obtained, 1t was shown that wddy., of 3-109; ¥eCl,
10 AICL muatkedlv raises the viehl of RO on cleavage of the
MCLOR. VPO 258 2.0 was adibal aver 3 hes. to 67 g,
AlCL: vigorous evolution of HCI was observes! and the
resolting solied wis slawly heated 10 135° with collection
of the distilate in a wlrll-mu!;-rl m‘riv:'r;l lllmc‘ ww‘;gb-
tafned JCL BeCHamd 3 g, Btd),  Similar y, iso-PrOH ‘
gave 257 bo-PeCl awd PrOI xave 107 PeCl (ae 12 MbR ., LAb OegpnIe,
20°). FEtOH (23 g.) was similar v added to 84 ¢, AICH,
and 3.5g, l’:'vCl.: ;he n;quhlux’mms m. lﬂl;’l, n&ilo t:c;alllng Q‘H&M\s TQL’,SVGQ‘D LQ
10 125° produced founsing and evolution of BCl, with the o
reaction belng emuplete at 1% there was obtained 70°; STR‘I € UN lV'J - lq %-
EtCl. Use of 60 g. AICL and T g FeCls as above gave
0% KtCL. Tsn-PrOH (12 5.), 20 g. AICL, and 3 K. FeCly
gave 737 jso-1Cl; 20 g, PrOIL, 60 g. AICL,, and 7 x.
FeCls gave 51, PrCl, while 37 x. BuOH, 60 K. AICL,
and 7 g. FeCh gave 109 BuCl. Isa-AmOH failed to yick!
iso-AmCl. AICHL (10 g.) was slowly added to 20 ce. jsn-
BuOH in 80 cv. CS, with cooling, after which the mass was
warmetl on a water bath until the HCH evolution ceared
and 2 tayers formed; the top layer on conling gave a crop
of enloriess crystals of fa-BnOAIC) (22.67) : wse of petr,
cther iustead af C8]; gave an anslogous result with g J2°;
yield of the product s treatment of this wits water guve i
B e i BHOQL, wflll«- u«Xlu. of 20;: nllﬂ'u'-‘unn’plcx tn ‘:m ce, bene - - —'w-*-"""";;"*‘ J‘.l.:‘..‘b T
P zeneaml Wee, AcClgave M77 PhAe (the renction was run . LA
ats. 3L .L..L.".E:‘._K_‘_LL."! with elfcetive eooling); shnilar reaction with 820 KAV o aowifw T
X!

Viom Viviarivd o . W% PhaCO, ,-mnour" M. Kosolavoll 3557 aw oo
Lt s . °g¥am11nmou-1--so«:.v‘m
[

110 L 4TOVIVL whewo

i

a5
m——-‘ r— - s

WATERALY MOTE e
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of aromatic compounds In the of the use of tolucne and isv-AmOIl a3 above gave 30,
acid. T. Condeasation of alcobols with 1o~ mixed amyltoluenes, principally p-AmCiHMe, bra 20467,

matic hydrocasbons and halides. [, P. Tsukervauik Toluene and iso-BuOH gave 567, mixed butyltoluencs,

(Middic Aniatic State Univ.). J. Gen. Chésiu (U.S.S.R7T" priacipally , p-tert-BuCatlMe, bem 193-0°. Tolucnc aud

13, 399-703( iv$5) (Eugiish summary).—~It wasshown that {so-PrOH gave #0%, pcymene; tolucne and BtOH gavea

HJPO, may be used for atkylation of aromatic compds. by very low yield of cthyltolucne, b, 157-60°, Toluene sl

alcs., with yielda up to B-DU% Leing obtained In the allyl ale, gave 1075 allyltoluenc, by 143-6°, and 4075

best’ caves,  Considerabls  polysulntitution  occurs, diallyltolucne, brs 302-7°, Toluvne {78 ce.), 40 g. Bull,

p-isomers prodotainating in disulstituted products, with  and 110 co, HiPOy, after 13 hrs. at 00°, gave 135, butyl-

occasional traces of the o-isomers, The iso alcy, usually toluene isomers, b. 185-05°, while terf-BuBe gave 37,
isomerize duto tertisry radicals. The mixt, of aromatic p.Me,CCH,Me. PhBr (80¢.), 37 ¢. is0-BuOH, and 100
. enmpd. and HhPO, vias trested, with stirring, with the ale.  cc, HPO, gave, alter 8 hrs, at §26-30°, 30% BuC.iibr;
which was sdded siowly, snd the mixt. was beated and s higher temp. gave a bigher yicld but also caused wuch

stireed for 8-10 irs.; oun cooling, the org. layers were Irac-  ar formation; the use of PECl gave 30% #-MeCCill Cl,
tionated. Thus, 100 ce. benzene, 37 g. iso-BuOli, and 110 5. 210-13°, while PhCI and n-PrOH gave 90%, mized
e, 16PO, (d. §.145) gave, after 10 hrs, at 90%, 3 g. Phliu,  propylchlorubengenes, b, 185-95°%, with a cou;fllcmble
b, 1656-70°, with aimost all benzene being recoverable: amt, of p-PrCH(CY, b. 100-2°. Bensene and borneol at

70° (10 hrs.) gave 2555 bornylbenzene, bu 145-8°.
3, M. Kasolapntl
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e, (Aem, aaR. N G 8 1. 40,
rath. ~ PhOH and PhOMe were conddensed in the pres.
ence of 1.8 mols, 057% HLPO withh fert-AmOt! at 70 €°,
with iso-PrOft and fen-DuOt! at wi-100°, and with
O and BnOIL at W0 00 1o form 8035 of the
correnpomding patkyl derivs. anid somnetimes a «nall amt.
ol the ealerive, Telow theve temps,, reaction did ot
During the condensation, prinuary grempes iomég -
vrert o aecnmelary, and secondary to tertiary. Jusdation
1 OB from one reaction mixt. indicatey that th
tesction goos through the formation of acid exters of 11,P0),
wliels are in turn the alkylating agents. With PiOMe
Loth Proand fe-Pr ales, ylelded P-iwpl’"pvlqniwlr. b
2 14%, 088 0.0UN, ay® 1.3070,.am) w-bwrprapylanisle,
fog 1N 2007, (20 00540, alf 150058, Stunbarly, Prand
L r-Pr ales. aud phenol yielded the cotreponding peiso-Pr
detiv., bre 213-14°, 438 1.0157, wi 1500, and a-isn-Pr
dersw., crystals, m. 01° Other compda. preped, were pe
fert-hutylaniole, e 91 1-187, 433 00K, nlp L5, and
fn(r'l-lmlylphcnul. crystals, m 9 (fnen iso-lineft), and
p--r.’-lml_yl.mi-nle. ha 10%-10° 4 nann, Wl 1.5V
froen BuOH). H. M. Leicester
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o0 ¢ ity of halogen in orgenic compouids tn Kriedel- o }
o0 » mﬁ".{m.ﬂ:‘." i Con!enulion of eothy! eaters of | | s X J
b » tic halogen-substituted scids with bentene. I P .0
oe * Tykervanik and 1. V. Terent'eva. Dokludy Akad. Ndwk e

fs S.5.5.R. 50, 257-80(1945).—The position of Cl deter- 1
bt & ines the mature of the products from the Friedel-Cralts o0
o0 4y e ol Cali with waters of hulo aliphutic scids: the . iee
e® TV retivity of Cl rises with increased distance from the COO ;
M vup.  Cols (100 mb), 0.8 . EIO,CCILCT, wad 08 g e
e ¥ & 1C1, after standing 24 s, Insiting 1.0 hun., and heating .o
[ Y X [§ A hrs. on g steam xth, gave TV m’hw.l lny-!nn-ml:uu )
g trom which Eti'h, a wist. of isomerie EaCdd, and §,2,4- e
o0 © Et,Coll; were isolated : the lutter giuve 1,2,4-CHa(COstl)y, | oe
[ 1 B m. 315-18°, after oxidation by HNO, at 185-70°. CeHq 5
(100 ml.), 34 g. Et,CCH,CHLCI, and 70 g. Alql.. u!lrr Jee
e 0 A e Kanding anc 6 hirs. ut 00, gave 08'¢ PhCHC,- liee
® v CoH G, 400, b, 2N17), Tk KiPh, amd 12 g, PHOOCH,- N
’ oo CILCE (h, 353 0%, Wy l.‘h".'l:. 1} I-IMD_"-:): lu‘m\':rr‘lv- ‘o0
: ¥ iat. stand 14 days gave only 74° ¢ Phitie-
! 'lk?;;‘.ut‘lu:lllta:::l‘l‘.'ll'h. Colfy (S0 ml), 0 g, l-:m.uL!h).L!. i 0
and 20 g. AICH let stand 30 hes., kept 12 hrs. at _N).-7l) . e
and boted 3 hrs. gave 2 g. Etbh, 4 g. PRCHD.COlLL, !
m. 517, aml 4.5 g. 3.{-dihydm-l('.!ll)-un{nhlh‘dcnouc, by
132 4°, ny LA0BS, 20 LGNS, G M, Kenolapofl
AVR-SL A sEYALLUNGICAL LITERATURE CuatstFiCatiON -
: _ : ) ) B T - L] lJ;:‘“I‘JnI'!' o

ViGm sImeliva -
pom - y i g . . .
i ' el RELLAT O ONT 4N

AN W W e Y e
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ﬂumul splitting of y(‘nl‘ atid. p. Tsukervanik . . .
amt A. 8. Sultanov (Middle-Asiatic %(e -Umey. T

Gn., Chem. (USS.R) 16, 1715-17{1940). —The

was studied 18 & source of veratraldehyde. Nammin: :
{tech., 300 g.) was added to 3 1. 57 H heated 10 00°
and lhe mixt. heated to gentle boiling and treated stowly
with 0c5 MO over 1.5 hrs., with concurrent adds. ts/
1511 14,80,. The mixt. was boiled § hrs., treate:
mlhnnld soln. dN( lsMnO..botkdObhr.nnd
treated wiuaﬁg charcoal Mw ﬂlmticunnd

COnmn SLEwINTY

to 200~
extd. with Calls

lmuomllydum from theext. in 60

1.5 days, 63 was obtained.
This was purl g saln. amu in mcc 0% NHOH, g’nﬁ‘hm "’;’og‘;;‘*:"“, ‘,",, g‘ 08 Calhi
tioa, pure opmﬁc acid, m. |
tion with "10% ua. "5 1. subjected
m g. distillate w! after sols. K%Cc"u

NlOlll.ndtv; , gave 7.8 mlrk'
m 'm‘ 6% humc" - 175°%; repetition

(205 atm sourc) in betsroe

as follows: &0 &

20 cc. Cetly were beated

mass was continuously

hyde (by-w 135-42') was
o ykeld. G.

Jde. isolated , M.
W *a‘b 3 the gisotn. at 170° and 10-12 u(:)g lpve i
* contg. mmld
! ’ . . 'raul‘u-m:m wdbymdmh;(
y QCalote MW 4 ool Cu (Kahibuum Cu bevese
- -nla:hvonlwl)-otmnb
-\QL{S—, fe acid, 100; Cu,cmdl
10° 8 brs., after which the mass

40 5. CaCle; of
48°, was obtained oa cooting

?
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MEL'EANOVITSKAY A, 5.G.; TSUMY!».I{IK. I.P.
ol compounds in the presence of

sh0-ul 59,
1k (MIBA 13:4)

AN UzSSR (for

a coppsr

Allylation of phen
cag.lyst. Dokl.AN Us,SSR no.

1. Institut khimii AN UzSSR. 2. Chlen—kKorr.

ik).
Toykerven )(Propono) (Bugenol)
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50v/7)-26-8-1,66

1el 'kanovitskaya, 2. Goy “EBuEEfoEEElfIL—f°
hkadicel and Tonic Alkylation of the Aromatic Hucleus
(Radikal'noye 1 jonnoye alkilirovaniye aromaticheskogo

vadra VII. Butylation of Benzene, Naphthezlene, “henol, o nd
‘nisole (VII. Butilirovaniye penzola, naftalina, tenola i
snizole)

70RICAL:  Zhurnal obshchey Khimii, 1958, Vol. 28, Nr 8, PI £0%2-2G28

(USSR)

21 TRACT: In connection with a previous paper (Ref 1) this paper £t
tenpts to explain the peculiarity of the alkylation of dif-
ferent compounds with n-butyl chloride in the presence of

copper. As an example the free radicel putylation of =znisol=
wue investigated. n-Butylphenyltriazene was uged es tne
gource of free butyl radicals. In contrast to the penzylation

ion with diphenylchloromethane the butylation

o difficultly (ut 200-250°) .

ith benzene, naphthalene, phzacl,
d dibutyl aromatiic
1 a butyl ether

with copper proceeds much mor
In rencting n-butylchloride v
and anisole the corresponding monobutyl an

card 1/% compounds resulted, and in the case of pheno
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sadicsl and Tonic Alkylation of the Aromatic Nucleus. SOV/79-28-8-7/66
Y77, Butrletion of Benzene, Naphthalene, Phenol and)Aniaole

of the butylphenol also resulted. Side products could not

be determined. In every case it was the gecondary butyl de-
rivative which was produced. The proof of the structures vac
carried out by perbrominating and oxidizing. It was found
thet the alkylation product yield in the above reactionsz

vwas 38-87 %. Thermal butylation also yielded alkyl derivativ:
Under the experimental conditions ugsed an isomerization

of the primary butyl group to the gsecondary form always too¥
place. Phe butyletion of phenol followe the mechanism of in-
dirzct nuclear alkylation. Free butyl radicals produced b
the thermal decomposition of n-butylphenyltiriazene cen ba
used to alkylate the anisole nucleus. There are 4 tables

snd 75 references, 11 of which are Soviet.

ASSOCTATION: Institut khimii Akedemii nauk UzGSR (Institute of Chemistry
AS UzSSR)

SUBLITT=ZD: July 12, 1957
Card 2/3
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20y /79-20-8-7, 65

tonic tlkylation of the aropatic Hucleus.

Nzphthalene, Fhenol, snd 4nizole

wadical end
vII. Biylation of Benzene,
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psukervenik, I. P, Belinsol, Z. Ya. sov/79-28-8-8/66
of Benzotrichloride mith Benzene in the Yrezente
nloride (Kondensatsii penzotrikhloride

istogo alyuminiya)

Condenaations
of Aluminum C
benzolom V priautstvii khloxr

1958, Vol. 28, T 8y PP: 2038-2042 (VS5

7nurnal obshchey khimii,

igated fthe condensations of penzotrichloride

with benzene in order %o produce the various gubstitutions

of the chloride atom and to ascertain the conditions under

which triphenylmethane and 9-phenylfluorene form. It wae

found that the amount ‘of AlCl present 1s & definite factor

in this synthesis. Using 0,1 mole AlCl (to 1 mole benzotri-
drature (15—900) end

chloride), and independent of the temp
the reagent concentretion, a yield of 70 % diphenyldichloro-

methane was obtained with a small side product of triphenyl-
chloromethane. with 1 mole of AlCl triphenylchloromethane
smas produced as the main product ¥ th a yield of 80-98 ine
Further jncreases-in the amount of AlCl3 caused a herdening
n the triphenylchloromethane yield.
thesis were gtudied, among them

The authors invest

reaction and @& decrease 1
Other factors in this syn
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